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Abstract 
In most of the Hospitals, the MRS graphs of brain tumour patients are scanned and then the observed metabolite values 
are manually entered into database. This process is time-consuming. There are disadvantages while working with the 
images like large storage, incurs more time in opening and closing and corrections are not allowed. Hence there is the 
need to automate the process. In this paper, the authors propose three different approaches for extracting metabolite values 
from MRS graph. The extracted values are stored in data table which requires less storage than a graph stored as an image 
format. The paper highlights the strengths of each method and proposes suitable situations where these methods can be 
most effective.  
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1. Introduction 
MRI spectroscopy (MRS) offers the capability of using MRI to noninvasively study tissue biochemistry. 
Within a given brain region called a voxel, information on these molecules is usually presented as a 
spectrograph with precession frequency on the x-axis revealing the identity of a compound and intensity on 
the y-axis which helps quantify the amount of a Substance. [1]  MRS is non-invasive technique that is used to 
study metabolic variance in brain tumors. MRS can be used to identify regional biochemical abnormalities. 
MRS can also be used to measure changes in metabolic activity.MRS creates the graph having four main 
attribute or feature related to brain tumor. i.e. NAA, Cr, Cho, Cr2.[2] It is a difficult task to extract the values 
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of these features from the graph and store it in database table. Main disadvantage of using MRS graph is it 
requires high volume of space in memory. In this paper the authors propose various methods which efficiently 
extract the values from graph. Where the values are not clearly visible it takes approximate values nearer to 
the correct ones.  
2. Proposed Work 
The approaches proposed by the authors are: 
2.1. Value Extraction from most Visible Peak Point 
The aim of the method is to extract the values of metabolite i.e. (NAA, Cr, Cho, and Cr2) from MRS graph. 
With the help of metabolite values it is easy to arrive upon a preliminary conclusion as to the type of tumour 
present. As shown in Figure 1, the graph scale for Y axis is not defined so it is calibrated approximately. The 
graph consists of four interesting peaks namely Cr2, Cho, Cr and NAA. The graph scanning method extracts 
one of the most clear and easily readable peak points. Same peak point is projected on Y- axis and the scale 
value is taken which is nearer to it. The scale is approximately calibrated as  
1 unit value=Extracted value of a peak/scale value on Y axis nearer to it                  (1)  
Once the scale is defined other peak points which are not clearly readable are projected on Y axis and the 
ordinate value is taken. The peak point value is calculated as the multiplication of scale for 1 unit and ordinate 
value. 
Peak point value= 1 unit value x ordinate value               (2) 
In this approach, the peak points are calculated approximately, by using above equations, whose values 
cannot be easily extracted from graph.  
Value Extraction Algorithm: 
1. Locate X-axis of MRI image. (X-axis is same for all MRI images i.e. in PPM with same scale) 
2. Metabolite [0] =Location of 2 on X-axis as NAA metabolite always occurs at 2 PPM. 
3. Metabolite [1] = Location of 3 on X-axis as Cr metabolite always occurs at 3 PPM. 
4. Metabolite [2] = Location of peak next to Cr. 
5. Metabolite [3] = Location of peak less than but near to 4PPM. 
6. For each m in Metabolite 
Call detect_peakpoint (m); 
Save result in Result array; 
7. End 
8. Take suitable scale value from user. 
9. Scale the Result. (peak point value= scale × ordinate value) 
10. Display Result. 
11. End  
2.2. Experimental work 
Data was collected from 5 different hospitals of 88 patients. The MRS graph of each patient was used as an 
input in each of the proposed methods. A sample of the results generated by value extraction method is shown 
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in tables 1 and 2.As seen from table 2 there is not much difference in the values extracted by the visible peak 
method as compared to the normal which indicates that this method works fine in instances where data is 
gathered from various heterogeneous sources.  
Accuracy with value extracted method to find tumour type with respect to actual tumour type is: 
12/12=100% 
Accuracy with observed values to find tumour type with respect to actual tumour type is: 8/12=66.67% 
As data was collected from different hospitals and each had their own scanner parameters hence this 
method was found to be most effective. 
Table 1. Sample of actual values from MRS graph 
Name NAA Cr Cho Cr2 Actual 
Tumour 
Type  
Predicted 
Tumour 
Type 
Ajay Rokade 15.04 19.6
1 
9.13 9.42 Benign Benign 
 
 
Amir Maniyar 14.9 9.61 11.1 13.8 Benign Benign 
AmolGaikwad 12.5 6.89 8.52 3.43 Benign Benign 
Akshaysose 0.21 6.27 5.11 0.78 Infection Malignant 
AnuradhaChavan 0.72 8.29 7.93 4.04 Infection Malignant 
ArunChaudhari 0.71 6.11 8.19 31.1 Infection Malignant 
Ajay Kharat 9.01 29.6
1 
16.61 9.42 Malignant Malignant 
Akshaysawant 10.21 11.7
7 
12.41 8.03 Malignant Malignant 
AnnasahebBorude 8.16 12.6
1 
21 5.02 Malignant Malignant 
ArunIngale 7.86 6.05 7.55 3.93 Mild Mild 
ArunTupe 10.19 16.3
9 
11.01 10.19 Mild Infection 
BababShinde 14.5 8.24 12.09 14.47 Mild Mild 
Table 2. Values extracted by the proposed approach 
Name NAA Cr Cho Cr2 Actual 
Tumour 
Type  
Predicted 
Tumour 
Type 
Ajay Rokade 15.04 19.6
1 
9.13 9.42 Benign Benign 
Amir Maniyar 14.9 9.61 11.1 13.8 Benign Benign 
AmolGaikwad 12.5 6.89 8.52 3.43 Benign Benign 
Akshaysose 0.21 6.27 5.11 0.78 Infection Malignant 
AnuradhaChavan 0.72 8.29 7.93 4.04 Infection Malignant 
ArunChaudhari 0.71 6.11 8.19 31.1 Infection Malignant 
Ajay Kharat 9.01 29.6
1 
16.61 9.42 Malignant Malignant 
Akshaysawant 10.21 11.7
7 
12.41 8.03 Malignant Malignant 
AnnasahebBorude 8.16 12.6
1 
21 5.02 Malignant Malignant 
ArunIngale 7.86 6.05 7.55 3.93 Mild Mild 
ArunTupe 10.19 16.3
9 
11.01 10.19 Mild Infection 
BababShinde 14.5 8.24 12.09 14.47 Mild Mild 
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2.3. Use of  Standard Template 
Standard Template is a MRS graph of a normal person. Standard template directly provide values of 
NAAstd ,Crstd , Chostd and All the metabolic ratios of normal person as shown in table 3. Graph under test is 
compared with Standard Template and the relative increase or decrease in NAA, Cr and Cho are noted and 
named as x, y and z respectively. As the general rule says, NAA and creatine (Cr) decrease, and choline (Cho) 
increase, degree of malignancy increases.[3] If the mentioned rule is satisfied by graph under test then, 
abnormal metabolic ratios are given by equations below:-  
  1.6
std
std
NAA x
Cr y
 

                                   (3) 
Where NAAstd and Crstd are the values of peak points in standard template and x and y are the decrease in 
the NAAstd and Crstd such that the tumor becomes malignant. 
 1.2
std
std
NAA x
Cho z
 

                                                            (4) 
Where Chostd is a value of peak point in Standard Template and z is increase in the Chostd. 
             1.5
std
std
Cho z
Cr y
 !

                                                         (5) 
Above equations are rearranged such that x, y and z are taken at one side as, 
         1.6 1.6std stdNAA Cr x y u   u                                      (6) 
       1.2 1.2std stdNAA Cho x z u   u                                            (7) 
         1.5 1.5std stdCr Cho z yu    u                                          (8) 
In above equations all the left side values are known, so it can be used to get values of  x, y and z .This 
method is most effective when all the data comes from a the same scanner. 
Here the values of ratios like NAA/Cr, NAA/Cho and Cho/Cr are used. [4] According to ratios we can 
distinguish between normal and abnormal metabolic ratios as shown in table 3. 
Table 3.Metabolic Ratios 
 
 
2.4. Graph Scanning 
 NAA/Cr NAA/Cho Cho/Cr 
Normal 2.0 1.6 1.2 
Abnormal <1.6 <1.2 >1.5 
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 The method extracts those peak point labels and values associated with it. Steps to extract peak points 
from graph: 
1. Take a graph image. Apply noise reduction on image. There is possibility of introduction of noise while 
scanning image. Noise adds spurious and extraneous information to original image. So, noise reduction step 
removes noise from image.  
2. Convert the graph image into grey scale image.  It carries only intensity information also called as black 
and white image. 
3. Create binary image using certain threshold value. Binary image means each pixel is represented using 
single bit 0 or 1. Thresholding is the simplest method of segmentation. We are using threshold to convert grey 
scale image to binary image. Threshold value can be selected manually or using thresholding algorithm that 
can compute it automatically.[5][6] 
4. Dilate image.Dilation means grow or expand.  Dilation takes Binary image to be dilated and structuring 
element generally 3x3 square. The purpose of dilation is to enlarge the boundaries of foreground pixels and 
the holes within those regions become smaller. 
5. Erode image. Erode means shrink or reduce. Erosion takes Binary image to be eroded and structuring 
element generally 3x3 square. Erosion causes area of foreground pixels shrinks and holes within those areas 
become larger. Dilation and Erosion are two basic operators in mathematical morphology.  
6. Apply canny edge detection algorithm to extract the Peaks. It is an edge detector operator. It detects all 
the peak values correctly. 
                                            
   Fig.1               (a) Binary Image                                           (b)After dilation and erode                                          (c) Canny edge detector 
7. Find the peak values. 
                                                                                        
Fig.2                                                                  (a)extracting values from ROI                                                       (b)extracted sample value  
 
3. Text Extraction with Support Vector Machine 
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All the connected Components are then extracted and all non-text character components are discarded by a 
two step process. Features are then extracted from the extracted Components. All these extracted components 
may contain both text components and Non-text components. They are separated and eliminated by a two way 
process. First, the initial BBs (Bounding Boxes) are drawn for all objects. Then CC statistical metrics is used 
to remove nontext components. For this, the following two rules [a] & [b] are applied to remove very big 
components and very small components that may result from the background objects. 
 [a] Ai < Ta.. 
[b] BBw > 2 * BBh. 
[c] Pixel distance (Ci, Cj) < 1. 
Here A is the area of the component, BBh and BBw are the BB height and width. Here [a] discards all very 
small components and [b] discards all big and wider objects. Occurrences of false positives are the major 
drawback in using CC based approach. When thick characters are extracted, for example in the case of letter 
O, the inner and the outer circles are separately extracted thereby increasing false positive counts. Rule [c] is 
used to discard such components. These features form the feature vector for SVM. These features are tested 
with SVM for recognizing individual characters.[7][8] Then, all recognized characters are merged to form text 
lines. 
4. Conclusion 
Proposed algorithm is tested and evaluated based on software simulation. The software is developed 
on .NET framework.Graph scanning approach is best if the values are clear and readable. Value Extraction 
approach allows some approximation when values are not readable but doesn’t affect the final result. These 
two algorithms store the metabolite values in database. Database values are used to identify the tumour is 
malignant or not. Standard Template approach doesn’t deal with the metabolite values. It uses the standard 
equations to generate the disease vector to conclude the malignancy of tumour.    
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